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SUMMARY

Acoustic Doppler Current Profilers are presently employed by the U.S. Army in a number of
projects. However, as with most new techniques there have been several problems both with the
coilection and the subsequent analysis of data. The main objective of this work is to improve the
accuracy of Acoustic Doppler Current Profilers by examining the existing survey techniques and
by developing computer software to process survey data. Two FORTRAN programs have been
developed during the contract period. One program is designed to combine data from an external
differential global positioning system with data from an ADCP to give a more reliable discharge
measurement, and the second program is designed to in-fill gaps in records due to missing ADCP
velociry data. In order to test and develop the software, data was collected on the Columbia
River, Washington. This document details the resulting software designed and briefly reports on

the fieldwork undertaken.
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L. CONVERSION FACTORS FOR MEASUREMENT UNITS

Because of the parties involved in this research project, namely The University of Nottingham,

UK, and the United States Government, a table of conversion factors for Imperial and SY units

is given below:

FROM

Inches (in)

Feet (it)

Square Feet (fi%)
Cubic Feet (%)
Yards (yd)
Miles (M)

Millimetres (mm)
Metres (m)

Square Metres (ni®)
Cubic Metres (m?)
Metres (m)

Kilometres (km)

10
Millimertres (mm)
Metres (m)
Square Metres (m’)
Cubic Metres (m’)
Metres (m)
Kilometres (km)

Inches (in)
Feet (f1)
Square Feelt (ff)
Cubic Feet (ft)
Yards (yd)
Miles (Mi)

MULTIPLY BY
254

0.3048

0.0929

0.0Z2832

09144

1.609

0.0394
3.281
10.7639
353147
1.0930
0.621
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I1. LIST OF SYMBOLS

Corrected Easting

Corrected Morthing

GPS Easting

GPS Northing

Survey line gradient

Survey line intercept

Local magnetic declination

True ADCP direction

Measured ADCP direction
Absolute water velocity

Boat velocity

ADCP measured water velocity
ADCP range

Ensemble depth

ADCP transducer depth

ADCP transducer beam angle
Velocity at height Z above bed
Shear velocity

Bottom roughness height

Power Law exponent
Non-ADCP parameters in the power law equation
Top layer discharge

Corrected ensemble width

Blank depth

Bia discharge

Carrected velocity magnitude
Survey line direction

Bin size

Bottom layer discharge

Near shore discharge

Nearest ensemble depth averaged velocity
Distance to bank

Nearest ensenible depth

Vector cross product

Bin height

Time elapsed during ensembic
East velocity of the survey vessel
North velocity of the survey vessel
East velocity of the water

North velocity of the water

ii
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Plate 1. Test Site on Columbia River, Washingion
Figure 1.1 Location Map of Test Data Site, Bonneville Dam, Columbia River, Washington.

Figure 1.2 Measured velocities {ii/3); (a) 'Bottom-track' referenced and (h) GPS referenced
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1. INTRODUCTION

Acoustic Doppler Current Profilers (ADCPs) are "state-of-the-art" instruments that
measure water velocities acoustically, in particular the Doppler effect. The Doppler effect is the
change in observed sound pitch that results from relative motion between a source and observer.
The major advantages of ADCPs over more traditional methods of river survey are their speed
of use, quality of data, resolution of measurement and their ability to be used onboard moving
vessels to measure river discharges (Didden, 1989)

However, duc to their nature of operation ADCPs produce large quantities of data that
requirss extensive post-survey processing in order to be converted into a usable format,
Additionally when being used onboard a moving vessel and under certain conditions (i.e. high
flows) their ability to "bottrm-track” breaks down (Miinchow et al., 1995). The ADCP records
the velocity of the channel bed as well as the water velocity and makes a correction for vessel
motion during measurement. In order to overcome this "bottom-track" problem new survey
teckniques and post-survey data processing software have been designed. The “bottom-track"
facility is replaced by an external Differential Global Positioning System (DGPS) to monitor and
record vessel motion.

During this study test data sets were collected using an ADCP in conjunction with a
DGPS to measure water velocities and river discharge on the Columbia River, upstream and
downstream of the Bonneville Dam, Washington. GPSQ a DOS based FORTRAN computer
nien developed to combine the data files from the ADCP with the files
recurded from the DGPS.

In addition to the "bottom-irack" problem, ADCP data can be prone to missing ensembles

in a given cross-section. These missing data give rise to accumulated errors in discharge and
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positioning data when the ADCP is being used in a standard mode (i.e. without an external

DGPS). During this study a second DCS based FORTRAN program (ADCPFILL) was developed

to fill-in missing data.




2. PROJECT CHRCNOGRAPHY

2.1 ITINERARY

157 September 1995:
Mr Richardson and Prof. Thome airived in Vicksburg, Mississippi. After initial meetings
Mr Richardson began work at Waterways and met with Mike Trawle, Tim Fagerburg and
Thad Pratt to outline possible areas of concern with present ADCP data collection
techniques and analysis.

2™ September to 30 September 1995;
Bottom-track errors were highlighted as a major problem in the ADCP river gauging
technique, and subsequently Mr Richardson began developing a method for calculating
discharge using a Differential Global Positioning System to replace bottom-track. He also
started designing general code for GPSQ sofiware.

1* October to 14" October 1995:
Field work in Washington, on Columbia River. Mr Richardson and Thad Pratt collected
sample data sets necessary for soflware development and refined survey methods for
collecting and logging DGPS data.

16" October to 1™ November 1995:
Mr Richardson and Thad Pratt returned to Vicksburg to refine and complete software
development for GPSQ. Problems of missing ADCP data in all ADCP applications became
apparent - ADCPFILL was designed to overcome this.

2™ November 1995:

Mr Richardson returned to {J. K.

o




2.2 DATA COLLECTION

I In order 1o overcome the mberent bottom-track problem within the ADCP sctup. an

alternative to bottom-tracking must be utilised to monitor boat motion An ideal alternative is a ®

Differential Global Positioning System (DGPS). A DGPS achieves reasonable accuracy in
e absolute position and it is also capable of greater precision when monitoring relative positions or
velocity (FAP24' 1993)
A trial data set was collected on the Columbia River, Washington upstream and
’ downstream of the Bonneville Pam. Data was collected using an RDI Instruments ARCP with ®
an acoustic frequency of 600 kHz in conjunction with a Trimble Navigations DGPS. A test data
set was needed for a number of reasons. First, it was necessary in order to develop the software

required for the subsequent corrections applied to the raw ADCP data. Second, the technique of

using a DGPS in conjunction with an ADCP for gauging discharge required verification. Finally,

a survey method for setting up and logging data from the DGPS was required. ®
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Figure 1. Location Map of Test Data Site, Bonneville Dam, Columbia River, Washington.

2.3 RESULTS

Figure 1.2 shows results obtained at one cross-section dur.ng the test survey downstream
of Bonneville Dam. Figure 1.2(a) shows results from the ADCP used in bottom-track mode, with
a discharge calculated of 130143 cfs. Figure 1.2(b) shows resuits obtained using the ADCP in
conjunction with the DGPS, with a discharge calculated using 'GPSQ' of 191750 cfs. It is obvious

from the plots of measured velocities in figure 1.2 that the velocity field shown is significantly
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different dependent on the velocity reference used. Also, the discharge calculated using the DGPS
as a velocity reference is 47% greater than that when using bottom-track. The 'bottom-track
declination' czlculated by 'GPSQ' at the time of data processing is 21 degrees (the bottom-track
declination is the difference between the survey line direction calculated using bottom track data
and the survey line direction calculated using the DGPS data).

The discharge results may be explained in part by the theory that bottom-track errors lead
to an under-estimation of the water velocities and therefore discharge, through an under-
estimation of vessel velocity. The bottom-track declination of 21 degrees may be partly due to
very localised magnetic affects on board the survey vessel interfering with the internal ADCP
compass. This affects the measurement of velocities in two ways. First, the bottom track
measurement of the vessel's speed and direction is affected. Second, the measurement of water
velocities made relative to the ADCP is affected. When these two measurements are combined
to calculate an absolute water velocity, the affect of local magnetic declination is compounded.

The DGPS is not susceptible to the affects of local magnetic declination and can therefore

eliminate the affect from the measurement of vessel velocity.
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7




3. GI'SQ

3.1 INTRODUCTION

When ADCPs are used on board moving vessels for river discharge measurements, they
are generally configured to record the velocity of the bed (bottom track) and the velocity of the
water relative to the ADCP. The ADCP then combines the two velocities to give an absolute
water velocity. Under certain conditions ADCP bottom track data can become unreliable and thus
introduce errors into the measurement of water velocities and discharge. ADCP bottom track is
limited by the convex arrangement of the ADCP transducer heads, making it impossible for the
ADCP to measure the entire water column. When the ADCP is measuring what it assumer to be
the bottom, it is in fact measuring a moving surface of wat. /scdiment just above the bed. Under
normal conditions the echo from the hard biottom surface is enough to overcome this probiem,
but under higher flow conditions, when sediinent is being entrained into the water and the bed is
mobile, errors are introduced. Generally, bottom track errors of this nature will lead to an under-
estimation of the discharge due to the ADCP using a velocity reference that is moving in the
downstream direction.

'GPSQ' is a DOS based program written in FORTRAN which, together with an amended
survey technique, will re-calculate ADCP measured velocities and discharge. It does this by
utilising data from an external differential global positioning systern (DGPS), to replace bottom
track and measure boat motion. GPSQ uses ADCP velocity data that is taken from the RDI-
TRANSECT program, in the usual ASCII processed data format, with the velocity reference set

to "none". DGPS files are then combined with the ADCP ASCIi files to correct for boat motion

and produce correct velocities and discharge.




3.2 METHOD

GPSQ works in three moduies. The program modules are:
(1)  DGPS data processing module
() Velocity data correcting moaule

3 Discharge calculating module

3.2.1 DGPS Data Processing
The first module of GPSQ reads the GPS navigation file and calculates the boat motion

and position for each ADCP ensemble. The module will read GPS data in the following format;

LENSEMDBLE 1038 PCTIMI: 4685248
10:01:56 1624658.61 718868.14
10:01:57 1624656.07 718866.96
10:01:58 1624654.36 718866.70
10:01:59 1624652.71 718867.11

ENSEMBLE 1039 PCTIME 4685605
10:02:00 162465146 TIRE68.14
10:02:01 1624650.64 718869.64
10:02:02 1624649.27 718471.14
10:02:03 1624648.40 718873.53
10:02:04 1624648.40 718873.53

ENSEMBILE 1040 I'CTIMI' 4686034
10:02:05 1624647.33 718876.20
10:02:06 16244046.06 TIRRTR 92
10:02:07 1624644.58 71888178
10:02:08 1624642.61 T1R885.42

[

The ensemble header line gives an ensemble number followed by an ensemble start time
(PCTIME) in hundredths of a sccond. The GPS data lines give a position time
(hours:minutes:seconds) followed by an Easting and Northing. The GPS data processing moduie

reads this file into an array of ensemble number with PCTIME from the end of the ensemble to

9
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o the start of the transect, and an array of GPS East and Notth with time from the start of the first
=3
o I ensemble. The two arrays are then matched in terms of time to give each ensemble number a
position at the end of the ensemble and an average boat velocity during the cnsemble (a velocity ¢
0 is calculated for each GPS record and then averaged over the ensemble period).
The next segment of this module then calculates a survey line detinition based on the GPS ¢
data. The start and end points of the GPS record are used as the start and end points for the
1 survey line. A definition of the survey line is nccessary for the discharge calculation method
described below. A distance along the survey line (course made good; CMG) and a width is .
&
calculated for each ensemble, together with a correcied position. GPS positicns are then
g translated to survey line positions using the following equations: o
. E = (mnte-cm)/(m’+4 1) ... ... ... (5qn3.1)
N mEAc oo (Egn3.2) .
where:
E = Corrected Easting
]
N = Corrected Northing
¢ = GPS Easting
n GPS Northing L
,; m : Survey line gradient {dist. North / dist. East)
j "u c Survey line intercept
e °
: The output of the GPS processing module is in the format shown below, Velocities and course ‘
j made good data are given in the selected data output units, US customary or SI. The GPS e 1
| processed data file is a temporary file which is removed at the end of the program exceution.
10
]
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1
l ENS CMG EASTING NORTHING 12 VEL N VEIL WIDTH
1038 2.96 1624658.00 T1R868.90 581 -533 1.43
1039 18.76 1624656.00 T18873.20 2593 ~3.6Y 567 ®
1040 52.84 1624651.00 TIRZR2.40 42,18 -5.20 9.08
1041 2875 1624645.00 7T18894.80 49.40 -6.25 9.54
1042 155.82 1624636 00 718910.1¢ 64.82 ~7.458 9.78
1043 206.34 1624629.00 718923.70 36.06 -7.48 968
1044 252.05 1624623.00 718936.00 55.45 -5.97 .25
1045 31381 1624614.00 T18952.60 67.55 -5.54 11.29
@
. 3.2.2 Velacity Correction
3 ) N 1 ~ H : . ‘
* The next module in GPSQ 1akes the processed GPS data and combines it with the
processed ADCP ASCII data, to give corrected water velocities. The ADCP processed ASCII
files are in the format shown in Appendix A, °
5 For each measurement bin the measured velocity dircction is corrected for the local
° magnetic declination (f}) as input by the user.
®
p = o T (Eqn 3.3)
where;
L

1] - Local magnetic declination

P i True ADCP direction

Y Measured ADCP dircction o

= The non-referenced Bast and North ADCP velocities and then corrected for boat motion to give
-] L
an absolute water velocity.

Ve - Vi b Vo - (Egn 3.4) ® |
| |
where:

I
®

{-..a.n._f-i.d B ANy b



. ®
’ Vy = Absolute water velocity
I Vi = Boat velocity given by DGPS
& Vasr = ADCP non-referenced measured water velocity ¢
A depth is calculated for each ensemble using either ADCP beam depth data given in the o
i B ADCP ASCII file, or external fathometer depth data in a format as yet untested in the field. The
ensemble depth is used to calculate an ADCP range. Velocity dawa outside of this range is
discarded. The range of acceptable ADCP data is given by the :ollowing equation: °
R = (D, -Dypep).cos0 o0 (Eqgn 3.5) °
where:
;“{ R = ADCP range
D, = Iinsemble depth o
Dyxp = ADCP transducer depth (given in ADCP ASCII file)
7 0 = ADCP transducer beam angle (INPUT by user) .
The output from the velocity data correction module is given in the file VELOCITY.DAT
which 1s created in the working directory. VELOCITY.DAT is in the following formai: ®

< id, ens,  did, cast, oty width, depth,  bin, mag,  dim, eat, north, vert, avor, 6 avy adep range
11038 297 1624658.00 71884890 581 2492 500 S.6l 29730 49 2.57 0 <170 24725 L3148
11038 297 162465800 TIRROB.Y) S8l 2492 6.7 549 28BR.80 -520 177 <10 -60 23550 23.48
11038 297 162465800 T7IRRGE.90 581 2492  R30  S.19 28271 -%.06 1.14 00 -40 20625 23.4%
- . 11038 2.97 1624658.00 718868.90 L 81 2492 990 547 27787 A2 74 20 -60 JRO2S 2348 "]
11038 297 1624658100 7IRROE90 K1 2492 11.60 452 28269 -441 99 A0 10 172,500 23.4R
d 11038 297 1624658.00 71886890 581 2492 1120 5325 29111 -490 1.89 200 =20 16300 23.48
1 1038 297 1624658.00 7IRE6ROG  SE1 2492 1490 546 29098 -5.10 195 200 270 15925 23.48
F103R 297 1624658.00 71886890 S8l 2492 16.50 565 29786 499 264 100 290 15350 23.4R
11038 297 1624658.00 71RR6890  S&I 2492 18.10 586 303,79 487 316 -20 00 150.50 23,48

o 11038 297 1624658.00 /14868.90  S81 2492 1980 514 28947 485 L1701 -10  -10 16550 23.48
21039 1877 1624656.00 T1R873.20 25.94 2550 500 525

21039 18.77 1624656.00 718873.20 2594 2550 670 542 30490

307.51 417 3.20 200 -10 211.00  24.02 o
-445  3.10 A0 A0 20475 24,02
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Any bad bins of measurement within the ADCP range arc ignored and are not recorded

in the corrected velocity file.

3.2.3 Discharge Calculation

A discharge is calculated based on the survey line defined by the GPS data. Each ensemble
is assigned a width and position along the survey line and a discharge is calculated through the
ensemble. For each ensemble a top layer discharge (estimated), middie layer discharge (measured)
and a botton layer discharge (estimated) are calculated. Two options are available for the top
layer discharge estimation, the power or constant method. The missing bottom layer discharge

is calculated using the power method.

TOP LAYER DISCHARGE ESTIMATION USING THE POWER METHOD
The power law equation for describing velocity profiles in open channels (Chen, 1991:

Simpscn & Oltmann, 1990} is given as:

U/u* = 0.5 (Z/1Z)) . e (Eqn 3.06)
where:

U - Veloceity at height 7. above the bed

U* Shear velocity

4 - Height above channel bed

Zy Boitom roughness height

= Power Law exponent

which can be re-arranged to give:




>

U = OS5 . UX/ZN 20 o (Eqn3.7)

a' = O.5 . UXIZSY - (E4n 3.8)
where a' represents the non-ADCP parameters, then

U = AU (Eqn 3.9)

For each measurement bin, GPSQ solves equation 3.9 to give a value of a'. Within each ensemble
the a' values are averaged (a'_avg), and the average is then used to solve for the missing top layer

velocity. The top layer discharge is then given by,

Qup = aave . Z W . Dys oo (Eqn 3.10)
where:

Qp = Top layer discharge

w = Corrected ensemble width

Dy = Blank depth

TOP LAYER DISCHARGE ESTIMATION USING THE CONSTANT METHOD
The constant method for estimating the missing discharge ncar the surface is the simpler
of the two techniques. The constant method does not follow accepted hydraulic principles of
velocity profile description, however, under certain circumstances it scems to give a more
ure iie metiiod simply takes ihe veloaty from ihe firsi
good measurement bin in the profile (V,,,) and extrapolates to the surtace.
Qup = \Y

W oDy - (Liqn 3.115

oy -
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! I MIDDLE LAYER MEASURED DISCHARGE
“ The discharge through cach measurement bin is given by the following equation:
. )
Qu, -~ Viocos(ae-py W.H .. ... ... . ... ... . ... ..., (Eqn 3.12)
where: ®
Qu = Bin discharge
\Y = Corrected velocity magnitude
. . . o
b o = Survey line direction
¢ p = Corrected velocity direction
H = Bin size
-]
The bin size (H) is equal to the distance between the bin being considered and the last good
measurement bin. This is usually equal to the configured bin size but will change if any bins are ®
missing due to bad data. The middle layer discharge is then equal to the sum of all measurement
bin discharges,
®
BOTTOM LAYER ESTIMATED DISCHARGE
The missing discharge outside of the ADCP range at the bottom of the velocity profile is L]
’ calculated using the power law equation (Egn 2.5). The bottom layer discharge is given by:
¥ ®
- Q= a avg ((D,-RY/ 2 (D -Ry. W .. .. ... . ... .. (Egn 3.13)
where:
A
! O = Bottom layer discharge e

15




NEAR SHORE DISCHARGE ESTIMATION

GPSQ can be used to estimate any discharge that is not measured close to the banks at

the beginning and end of each transect. GPSQ uses the same ratio-interpolation method employed

by TRANSECT to estimate near shore discharge. The method uses the first and last known

velocities and assumes a tri-angular area beiween the bank and transect. The missing ricar shore

discharges are given by:

Quore = 0707 .V, . L.D,/2. ... .. .. . . (Eqn 3.14)
where:

Que = Near shore discharge (start or finish)

Va = Nearest ensemble depth averaged velocity

L. - Distance to bank

D, = Nearest ensemble depth

The total discharge for the transect is then given by the sum of the top layer discharges,

measured discharges, bottom layer discharges and the near shore discharges. The discharge output

file, whose name and location is specified by the user, is in the following format:

top layor discharge estimnation mathod: power

power co-ctficiant  1.6670001-01

aensemble, digt, casting, northing, width, dopth,

1038 297 1624658.00 71886890 581
1039 1877 1624656.00 7138873120 2594
1040 52.84 1024651.00 718882 40 42,18
1041 98.74 1624645.00 TIRRY4R0 4946
1042 15583 1624636.00 718910.10  64.82
total discharge  -185215.50(cty)

total cross-sectional area 124070 10(#7°3)

24,92 -336.10

25.50
10.50
3793

44.30

top g, Mmq, tdalg
Yy ] {

9560 -18.51 45021 -2.34

S263.17 52,39 -1255.10 -1.43

<2163.18 -547.49 -130.89 -3041.560 -1.78

6RB.66 -204.95 -5066.76  -1.83

-T750.86 -1012.12 -354.03 9117.00  -2.00

®
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4. ADCPFIL.L

4.1 INTRODUCTION

ADCPFILL is a DOS based program which will read processed ADCP files from the RDI
TRANSECT program and write over bad ensemble data. Bad ensemble data will occur when two
or more ADCP transducer beams do not return good data for any reason. Bad ensemble data
affects the overall calculation of discharge and the ability of the ADCP to calculate the position
of each ensemble, in terms of distance travelled, displacement east and north and straight line
distance to starting point (course made good). Therefore, after one bad ensemble the bottom track
and discharge data for every subsequent ensemble has a built-in error, which accumulates after

every bad data segment.

4.2 METHOD

During playback of raw ADCP files, an ASCII file can be produced (using the ALT-A
command) containing position and velocity/discharge data for each ensemble. This ASCII file
contains a header followed by velocity data for each ensemble in the transect. The ensemble
header contains the time at the start of the ensemble, bottom track data, depth data for each
transducer beam, discharge data and various other survey paramecters (sce appendix A). The
discharge data contained in the ensemble header can be used as a test for bad segments of
ensembles. Bad ensembles show no increment in the measured discharge, whereas good ensembles
show an increase in the cumulative discharge measurement.

Bin data for the ensemble is then given in the form of depth, velocity magnitude, velocity
direction, east velooity, north velocity, vertical velocity, error velocity, echo intensities,
percentage good data (based on the number of beams used in the solution of the equation of

motion of the water) and bin di:charge. For bad bins of measurement, data values of -32768 are

17
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attributed to velocities and 2147483647 are attributed to discharge. Bad measurement bins are
the result of either the bin being outside the ADCP range or more than one beam returning a bad
signal from that particular range of depths.

Once bad ensembles have been identified, ADCPFILL uses a simple linear interpolation
to re-calculate ensemble bottom track data, beam depths, pitch. roll, corrected heading, ADCP
temperature, bin velocity, echo intensities and percentage good data. Discharge data is not filled
by interpolation, but calculated separately. Ensemble time and number are not affected by bad
velocity measurements and, therefore, do not need recalculating. ADCPFILL uses the following

equation to interpolate between good ensembles:

k; = ky(mpn)+knen) /(np-ny) oo (Eqn 4.1)
where:

k = Parameter under consideration

n = Ensemble number

i = Bad ensemble

. = Last good ensemble before bad data segment

5 Next good ensemble after bad data segment

Once the bottom track and velocity data for cach bad ensemble has been corrected, the bin and
ensemble discharges can then be re-calculated. ADCPFILL uses the same moving boat method
of discharge calculation employed by TRANSECT (Simpson and Oltmann, 1990, Gordon, 1989).

The discharge for any given measurement bin is calculated as follows:

Qun  — X oho A (Eqn 4.2)




‘ E where:
o | l
= Qu, = Bin discharge
|
. ®
2 X; - Vector cross product
N h; - Bin height
At - Time elapsed during ensemble °
! The vector cross product (X)) is given by the following formula:
f o
| X, = (Fpont - Nowier) = (Noont - Evmer) «c oo (Eqn 4.3)
|
where:
o
B = East velocity of the survey vessel
Npw = North velocity of the survey vessel
‘ Eoger = Last velocity of the water L
2 Nustx = North velocity of the water
o
. The accumulated errors im measured discharge and bottom track data are calculated for each bad
scgment of ADCP data and then added to subsequent ensembles to correct for accumulated
5‘
CiTOrS, o
} The final output of ADCPFILL is in the same {ormat as the original ADCP data file, and
as such can be used by other software packages designed for ADCP ASCII data. The numbers
®
o of any bad ensembles coirected are displayed on the screen ai the tiine of processing.
1
; i
° |
.
19
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5. CONCLUSIONS & RECOMMENDATIONS

At conception, this project was designed to address the general problem of ADCP data
management and analysis on the Mississippi River, in particular to outline the basis for a usable
engineeiing database of ADCP data. However, under certain flow conditions a more fundamental
problem was identified, that of actually collecting good quality data using the ADCP. Using
experience gained working in Bangladesh with ADCPs on the Brahmaputira River, a new survey
and data processing technique was designed and tested.

In the main body of this report two computer programs are detailed, GPSQ and
ADCPFILL, which were developed during the study to overcome two of the basic problems of
ADCP data collection, bottom-track errors and blark or missing data. These programs were
validated and found to work well with the sample data collected on the Columbia River, however
they require further development in order to be more flexible for general use and eventually to be
incorporated into a standard method of river discharge measurement.

The significant differences between ADCP velouty and discharge data collected using
bottom tracking and DGPS, would seem to pose more questions then they answer. Additional
work is needed analysing the data collected during the tcst survey, in particular looking at the
affects of local magnetic declination and the possible incorporation of a gyro compass mto the
survey method.

Further improvements to the survey methods could be achieved through the addition of
an external fathometer gauge to measure cress-sectional bathymetry. This would require further
software development and field testing. At present depth data is obtained from the ADCP beams,
a fathometer would give a more detailed and accurate measurement, thus improving confidence

in the discharge calculation. Further work is also needed on procedures to ensure correct

20




matching of the ditferential global positioning system file and the ADCP filc, in order to ensure

that data taken from the two files are combined accurately in time.
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APPENDIX A

ADCP ASCII Cutput Format




MEASUREMENT UNIT - cm or ft

VELOCITY REFERENCE - BY, LAYER, or NONE
INTENSITY UNITS — dB or counts
INTENSITY SCALE FACTOR — in dB/count
SOUND ABSORPTION FACTOR — in dB/m

Row | Field Description
1 1 ENSEMBLE TIME - Year (at start of ensemble)
2 - Month
3 - Day
4 - Hour
5 — Minute
6 — Sevond
7 - Hundredths of seconds
8 CNSEMBLE NUMBER (or SEGMENT NUMBER for processed or averaged raw data)
9 NUMBER OF ENSEMBLES IN SEGMENT (if averaging ON or processing data)
10 PITCH ~ Average for this enzemble (degrees) ,
11 ROLL ~ Average for this enscmble (degrees)
12 CORRECTED HEADING — Average ADCP heading + heading offset - magnetic variation
13 ADCP TEMPERATURE ~ Average for this ensemble (*C)
2 1 BOTYOM-TRACK VELOCITY — East{+)/Mest(-); average for this ensemhle (cm/s or ft/s)
2 -« North(+)/South(-)
3 - Vertical (up{+]/down(-1)
4 - Error
5 WATER LAYER VELOCITY -~ East{+)/vest{-); average for thic ensemble (cm/s or ft/s)
8 = North(+)/South(-)
7 ~ Vertical {up{+1/down{-1;
8 - Error
9 DEPTH READING - Beam 1 average for this ensemble (m or ft, as set by user)
10 = Beam 2
11 — Beam 3
12 ~ Beam 4
13 ~ Baam 5 (1f present)
3 1 TOTAL ELAPSED DISTANCE — Through this ensemble (from bottom-track data; in m or ft)
2 CLAPSED TIME — Through this ensemblu {in seconds)
3 DISTANCED TRAVELLED NORTH (m or ft, as set by user
4 DISTANCED TRAVELLED EAST (m or t%, ax set by user
5 COURSE MADE GOOD = Through this ensemble (from bottom-track data)
4 1 NAVIGATION DATA —~ Latitude; average for this ensemble (degrees)
2 ~ Longitude; averuge for this ensemble (degrees)
3 - Nurth(+)/$outh(~? ship movement; average for this ensemble (cm/s or ft/s)
4 ~ East(+)/West(-) ship movement; average for this ensemble (cm/s ar ft/s)
5 ~ Total distance travelled through this epsemble {cm or ft)
5 1 DISCHARGE VALUES - Middle part of profile (measured): m'/s or ft'/s
2 ~ Top part of profile (estimated); m’/s or ft'/s
3 - Bottom part of profile (estimated); m'/s or ft'/s
a - Start-share discharge estimate; m'/s or ft/s
5 — Starting distancze (boat to share): m or ft
6 - End-shore discharge estimate; m’/s or Tt%/s
7 -~ Ending distance (boat to shore); m or ft
8 - Starting depth of middle layer (or ending depth of top layer); mor ft
9 - Ending depth of wmiddle layer (or starting depth of bottom layer); m or ft
6 ; NUMBER OF BINS TO FOLLOVW
3
4
5
6
1

C@NTLN BN

DEPTH — Corresponds to depth of data for present hin (depth cell); includes ADCP depth and
blanking value; in m or ft.
VELOCITY MAGNITUOE
VELQCITY DIRECTION
EAST VELOCITY COMPONENT — East(+)/West(-)
NORTH VELQOCITY COMPONENT — North{+)/South(-)
VERTICAL VELOCITY COMPONENT — Up{+)/Down(-)
ERROR VELOCITY
ECHO INTENSITY — Beam 1

~ Beam 2

— Beam 3

-~ Beam 4
PERCENT-GOGD
DISCHARGE




AFPENDIX B

©SQ ver 1.0 SOURCE CODE

®




¢ a title subroutine
call clearscreen

write(*, *) ' Welcome to GPSQ ver 1.0 for DOS'
dok—1, 10

write (¥, *)
enddo
write (¥, *) 'press ENTER to continn:' °
read (*, *)

. call filename

end

(2]

subroutine filename

. . . N . e
¢ a subroutine for entering adep and navigation input filc names

character*70 adep file, nav file

call clearscreen

write(*, *) 'please enter ADCP ascii file name and path'

write(*, ¥)

read(*, '(a70)") adcp file

write(*, *)

call clearscreen .
write(*, *) ‘pleasc enter NAVIGATION file name and path’

write(*, *)

read(*, (a70)) nav file

call clearscreen

call data out(adcp file, nav file)

end

subroutine data out(adcp file, nav file)
¢ a subroutine for selecting the: units of measurement for data output

real units, units2, units3

integer option4, error




character*70 ft_cm*1, adep file, nav ile
open (4, file — adep _file, status = 'old')
call clearscreen

10 continue
write(*, *} 'OPTIONS FOR DATA QU TPUT. ..
write(*, *)
write(*, *) '(1) ENGLISH units (ft, /s, cfs)’
write(*, *)
write(*, *) '(2) S1 units (m, m/s, cumecs)'
do j=1, 10

write(*, *)

enddo
write(*, ¥) 'please enter an option number'
read *, option4

20 continue
¢ 'units' is a factor used to convert data into the desired output

select case(optiond)
case(l)
units == 3.281
case(2)
units = 1,0
case default
call clearscreen
writc (¥, *) 'please re-enter an option number'
goto 10
end select

do 30,j 1,8
read (4, 100)
30 continue
100 formai(70x%)

¢ Adcp data file is read to determine the measurement unit 'l em'

¢ 'units2' is used to convert the ADCP data into a form whercby

¢ 'units' can be applied

¢ 'units3' s req'd because if the measurement unit is S1 then velocity
¢ data is given in cm not m

read (4, '(3x, al ), end=40, err -40, iostat=crror) 1 cmn
select case(ft_c¢m)

case('f)
units2 = units/3.281
units3 = |

| RO 1 AT A PN T A PR s ., A VTR, WAk GETONE. R VAT ORI mnnﬂd



case('c")
units2 = units/1.0
units3 00!

end select

close (4)
call q¢_method(units, units2, units3, adep_file, nav {ile)

40 continue
if{error .ne. 0)then
call clearscreen
write (*,*) 'CANNOT READ measurenient unic'
write (*,*) 'ERROR in', adep_file
stop
endif’

end

¢ a subroutine for entering preference of power or constant method for
¢ top layer discharge estimation

subroutine q_method(units, units2, units3, adep file, nav file)
real units, units2, units3

integer option2

character*70, adep file, nav file

call clearsereen

10 continue
write(*, *) 'OPTIONS FOR DISCHARGL: CALCULATION. ..
write(*, *)
write(*, *) (1) use "POWER" method for top layer estimation'
write(*, *)
write(*, #) {(2) use "CONSTANT" method tor top layer estimation'
doj 1,10
write(*, *)
enddo
write(*, *) 'please enter an option number'
read *, option2

select case (option2)

case(l)
call discharge 1{units, units2, units3, adep file, nav filey

a1 e —




case(2)
call dischargeZ(units, units2, units3, adep file, nav _file)
case default
call clearscreen
write (*, *) 'please re-enter option number’
goto 10
end select

end

(¢
i
t

¢ a subroutine for calculating discharge using the power method
subroutine discharg21(units, units2, units3, adep_file, nav_file)

real depth_bin(100), vel mag(100), vel dirn(100), corr w,
4 vel(100), n vel(100), z vel(100), db avg(100), depth_avg,
terror vel(100), total bing, toplayer g, btmlayer q,

+a_avg, ensemble q, line grad, blank depth, a(100),

+power coefl, bin_vel(100), bin q(100), adep_range(100),
tbin size, line dira, totall, total2, total3, totald, bank g,
ibin_velavg, start depth, start vel, units, units2, units3,

fcoir ¢, corr n, dist

integer ic, i1¢2, ic3, num_ens, ens num, id

character*70 labell, label2, adep file, nav file

ic 0
w2 |
ic3 0

total4 -0

call velocity(units, units2, units3, num ens, line grad, bin size,
tblank depth, adep file, nav file)

close (1)

open (1, file  'velocity.dat', status - 'old")
open (2, file - 'gpscorrq.out', status - ‘'unknown')

read(1, '(a70)) label |
write(2, *) labell
vead(1, '(a70)") label2
write(2, *) label2
read(1, *)

L]




call clearsereen

write(*, *) 'PLEASE ENTER A POWER [LAW CO-EFFICIENT!
write (*, *)

read *, power coeflf

call clearsereen

write (2, *) 'top layer discharge estimation method: power'
write (2, *) 'power co-efficient =', power_coefY

write (2, *) 'ensemble, dist, easting, northing, width, depth, bin
1-q, top q, btm g, total q'

write (2, *) 'power co-eflicient =, power_coeff

depth_bin(0) = blank_depth - bin_size/2

10 continue

totall =0
totaiz2 =0
total3 = 0

20 continue
icic + 1
read (1, *, err=30, end=30) id, ens num, dist, corr e,
1corr_n, corr_w, depth_avg, depth bin(ic), vel mag(ic),
tvel_dirn(ic), ¢ _vel(ic), n_vel(ic), z_vel(ic), error_vel(ic),
1db_avg(ic), adep range(ic)
if (id .eq. 1c2) then
goto 20
endif
do k=1, 2
backspace (1)
enddo
read (1, *, err-30, end=20) id, ens num, dist, corr_¢, corr_n,
teorr w, depth avg

¢ 'a( ) 1s equal to the 'non-adep' parameters in: the power law equation

30 continue
ic ic-1
line dirn —((atan(1/tine grad)) * 180/3.14159) + 90

do 40, k=1, ic

bin_vel(k) = vel_mag(k)*cos((linc_dirn-vel dim(k))*3.14159/180)
bin_q(k) = bin_vel(ky*corr w*(depth_bin(k) - depth bin(k-1))
a(k) - bin_vel(k)/(“depth avg - depth bin(k))**power coefl)
totall =bin_q(k) 1 totall
totai2 = a(k) + total2
total3 = bin_vel(k) + total3

40 continue




et =ic3 + 1

total bing = totall

a avg = total2/ic

bin velavg - total3/ic

toplayer q = corr w * blank depth * a_avg *
+((depth_avg - blank_depth/2)**power coefl)
btmlayer q=a avg * ((((depth_avg -

+adep range(ic))**7)/2)**power coetd)*corr w
ensemble g — total bing + toplayer ¢ 1 bimlayer

write (2, 100) ens_num, dist, corr e, corr n,
tcorr_w, depth_avg, total bing, toplayer q.
tbtmlayer g, ensemble g, a_avg

100 format (iS, 18.2, 2f13.2, 7110.2)

if (icz .cq. 1) then
start depth = depth avg
start_vel = total3/ic
endif

total4  ensemble g+ total4

if' (ic3 ¢q. num_ ens) then
goto 50

endif

ic=0

ic2 —ic2 |

goto 10
50 continue

end depth = depth avg
end vel: bin velavg

call ncarshore(bank q, start depth, start vel, end depth, end vel,

1units)

call clearscreen
total4 == bank_q + total4

if (units .cq. 1.0) then
write (2, *) 'total discharge = ', totald, '{(cumecs)’

write(*, *) TOTAL DISCHARGE :- ', total4, '(cumecs)

dok-1, 10
write(*, *)
enddo
end if




it (units .eq. 3.281) then
write (2, *) 'total discharge ="', totald, '(cfs)'
write(*, *) "TOTAL DISCHARGE ~ ', total4, '(cfs)
do k=1, 10
write(*, *)
enddo
end if

60 continue
end

C —

¢ a subroutine for calculating discharge using the constant method
¢ a power law fit is still used for the near-bed discharge, as such
¢ 'discharge2’ is very similar to 'dischargel’

subroutine discharge2(units, units2, units3, adep file, nav file)

real depth_bin(100), vel _mag(100), vel_dirn(100), cotr w,
+e vel(100), n_vel(100), z vel(100), db avg(100), depth avg,
terrer_vel(100), total bing, toplayer g, btmlayer q,
+a avg, ensemble g, line grad, blank depth, a(100),
+power _coeft, bin vel(100), bin_g(100), adep _range(100),
i1bin size, line dirn, total(, total2, total3, totald, bank g,
+bin_velavg, vel top, start_depth, stari vel, units, units2,
funits3, corr ¢, coir_ n, dist

integer ic, 1¢2, ic3, num ens, ens num, id

character*70 fabell, label2, adep file, nav file

ic =0
w2 1
i3 0

total4 — 0O

call velocity(units, units2, units3, nuim ens, line grad, bin size,
{blank depth, adep file, nav file)

close (1)

open (1, file - 'velocity.dat', status  'old')
open (2, file — 'gpscorrg.out’, status - 'unknown')

read(1, '(a70)") label
write(2, *) labell
read(1, '(a70)") label2
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write(2, *) label?2
I read(l, *)

depth_bin(0) = blank_depth - bin size/2

call clearscreen

write(*, *) 'Please enter a power law co-efficient '
write (¥, *)

read *, power coefl

call clearscreen

e write (2, *) 'top layer discharge estimation method: constant'
write (2, *) 'power coefficient for bottom layer =', power_coeff
write (2, *) 'ensemble, dist, easting, northing, width, depth, bin
+q, top q, btm q, total ¢'

10 continue
totall =0
total2 = 0 ®
total3 =0

20 continue
ic=ic+ 1
read (1, *, err=30, end=30) id, ens_num, dist, corr_e, corr_n, o
+corr_w, depth_avy, depth_bin(ic), vel_mag(ic), vel_dirn(ic),
+e vel(ic), n_vel(ic), »_vel(ic), error_vel(ic), db_avg(ic),
{adep_range(ic)
if (1d .eq. ic2) then
goto 20 A
endif
do k=1, 2
backspace (1)
enddo
read (1, *, err=30, end-=30) id, ens num, dist, corr e, corr n, ®
tcorr w, depth_avg

30 continue
ic-ic-1
line_dirn = ((atan(1/line_grad))*180/3.14159) + 90 »
do 40, k-1, ic
bin_vel(k) = vel_mag(k)*cos((line dirn-vei dirn(k))*3.14159/180)
_ bin_q(k) = bin_vel(k) * corr_w * (depth_bin(k)-depth bin(k-1))
. a(k) = bin_vel(k)/((depth _avg - depth bin(k))**power coeil)
- totall = bin_q(k) + totall *
total2 = a(k) 1 total2
total3 = bin_vel(k) + total3
40 continue




o

vel top = vel mag(1)Y*cos((line dirn - vel dirn{1))*3.14159/180)
ic3 =ic3 +1

total bing = totall

a avg = total2/ic

bin_velavg = total3/ic

toplayer_q = corr_w * blank depth * vel top

btmlayer q =a_avg * ((((depth_avg -
+adcp _range(ic))**7)/2)**power_coeff) * corr w

ensemble g = total bing + toplayer q + btmlayer q

write (2, 100) ens_num, dist, corr_e, corr_n, corr_w, depth _avg,
+total_bing, toplayer_q, btmlayer g, ensemble g, a_avg
100 format (15, 8.2, 2f13.2, 7f10.2)

if (ic2 .eq. 1) then
start_depth = depth_avg
start_vel = total3/ic
endif

total4 = ensemble_q + total4

if (ic3 .eq. num_ens) then
goto 50

endif

ic=0

ic2 =ic2 + 1

goto 10
50 continue

end depth = depth_avg
end vel =bin velavg

call nearshore(bank q, start_depth, start vel, end_depth, end_veli,
+units)

call clearscreen
total4 = bank q -+ total4

if (w ts .eq. 1.0) then
write (2, *) 'total dischai ge = ', total4, '(cumecs)'
wrte(*, *) "TOTAL DISCHARGE =, total4, '(cumecs)'
do k-1, 10
write(*, *)
enddo

et if




_ if (units .eq. 3.281) then
write (2, *) 'total discharge = ', total4, '(cfs)'
write(*, *) 'TOTAL DISCHARGE ="', total4. '(cfs)'
do k=1, 10
write(*, *)
enddo
end if

60 continue
end
¢

¢ a subroutine used to calculate the missing discharge, if any, at the °
c start and end of a transect

) subroutine nearshore(bank_q, start_depth, start_vel, end depth,
+end vel, units)

real bank_q, start_dist, end_dist, start g, end q, start depth, o
e +start_vel, end depth, end_vel, units

& integer option3
call clearscreen L

0S5 continue
write(*, *) 'NEAR SHORE DISCHARGE OPTIONS. ..
write(*, *)
write(*, *) '(1) CALCULATE near shore discharges' ®
write(*, *)
write(*, *) '(2) DO NOT CALCULATE near shore discharges'
write(*, *)
write(*, *) 'please enter an option number'
read *, option3 ®

33

i select case(option3)
case(1)
goto 10
case(2) )
goto 20
case default
call clearscreen
write (*, *) 'please re-enter option number'
goto 05
end select

o .

10 continue




e B

call clearscieen

if (units .eq. 1.0) then

write(*, *) 'enter distance to bank at START of transect (m)'
read *, start dist

write(*, *)

write(*, *) 'enter distance to bank at END of transcct (m)'
read *, end dist

end if

if (units .eq. 3.281) then

write(*, *) ‘enter distance to bank at START oi'transect (ft)'
read *, start_dist

write(*, *)

write(*, *) 'enter distance to bank at END of transect (fi)'
read *, end dist

end if

call clearscreen

start = 0.707 * start depth * start dist * start vel/2
end q—0.707 * end depth * end dist * end vel/2

bank q=start q +end q

goto 30

20 continue
bank ¢=0

30 continue

end

subroutine velocity(units, units2, units3, num ens, line grad,
+bin size, blank depth, adep file, nav_file)

¢ a subroutine for combining the vessel velocity and the adep measured
¢ water velocities

real depth(100), mag adcp(100), dirn_adep(100), e _adep(100),
+n_adcep(100), z_adep(100), error_vel(100), db 1(100), db_2(100),
+db_3(100), db_4(100), per good(100), e boat, n_boat, corr ¢,
tcorr n, corr w, depth_avg, dist, ¢ water(100), n_water(100),

+z water(100), mag_water(100), dirn water(100), db_avg(100),
+unk 1 (100), junk2(100), junk3(100), line grad, bin size,




+adcp_angle, adep range, bin ratio, blank depth, mag decln,
l +blank dist, units, units2, units3, junk4
integer ens_num, good bins, humbins, ensemblenum, num_ens, ic,
1i¢2, error, error2, error3, optionl

character*70 labell, label2, adep file, nav file

ic=0
1c2 =0

call clearsereen
05 continue
write(*, *) 'DEPTH CALCULATION OPTIONS... ' °
write(*, *)
write(*, *) '(1) use ADCP beam depths'
write(®, *)
write(*, *) '(2) use FATHOMETER data’
doj=1, 10
write(*, *) ®
cnddo
write(*, *) 'please enter an option number'
read *, optionl

select case (optionl) g
case (1)
call ens_headerl(units, num_cns, line grad, nav file)
case (2)
call ens_header2(units, num_ens, line grad, nav_{ile)
case defauit L
call clearscreen
write (*, *) 'please re-enter option number!
goto 05
end select

®

rewind (3)
open (1, file = 'velocity. dat', status = 'unknown')
open (4, file = adep _file, status = 'old")

H o
cal! clearscreen

_ write(*, *) ‘pleasc enter ADCP BEAM ANGLE (deg)'

) write (*, *) ;
read *, adcp angle ° |

call clearscreen
write(*, *) I NOT already conected., !

i write(*, *) 'please enter the local magnetic declination (deg)
" write (*, *)




' read *, mag decln
call clearscreen

read(4, (a70)') labell
read(4, '(a70)") label2
write(1, *) labell
write( 1, *) label2

write(i, 100) i, ens, dist, east, north, width, depth, bin, vel
+mag, vel dirn, east vel, north vel, vert vel, error vel, db_avg, a
+dcp_range'

100 format(a120)

read(4, *, err=80, end=95, iostat=error) bin_size, junk4,
+adep_depth

bin_size = (bin_size/100) * units

adcp_depth = (adcp depth/100) * units

. o
10 continue
o ic=0

20 continue
ic2=ic2 + 1
read (4, *, err=380, end=95, iostat=error) (junk 1(i), i=1, 7), ®
+enscmblenum, (junk2(i), i=1, 13), depth bl, depth b2, depth b3,

+depth_b4, (unk3(), i+ 1, 19), numbins

depth_avg = (depih bl + depth bLZ + depth b2 + depth b4)/4

depth avg = depth_avg * units?2

30 continue
if (option1 .eq. 1) then
read (3, *, err=85, end -95, iostat crror2) ens num, dist,
I corr e, corr n, corr_w, ¢ boat, n boat

endif ® {

! if (option1 .eq. 2) then

read (3, *, err=85, end =95, iostat=crror2) ens num, dist,
1 corr_e, corr_n, corr_w, ¢ boat, n boat, depth _avg
ce e endif

if (ens num .1t. ensemblenum) then
goto 30
endif

40 continue
ic-ict 1
read (4, *, end=50, err=90, iostat=error3) depth(ic),
‘+mag_adcep(ic), dirn adep(ic), ¢ adep(ic), n adep(ic), « adep(ic),




terror vel(ic), db I(ic), db 2(ic), db 3(ic), db 4(ic),
l 1per_good(ic)

if (ic .ge. numbins) goto S0

goto 40

50 continue
if (ens num .gt. ensemblenum) then
goto 20
endif

doj-1,ic
depth() = depth(} * units2
mag_adep(j) = mag_adep(j) * units2 * units3
ditn_adep(j) = dirn adep(j) - mag decln
if{dirn_adep(j) .gt. 300) ihen
dirn_adep(j) = dirn_adep(j) - 360
endif’
7 adep(j) =~ z_adep(j) * units2 * units3
error_vel(j) = crror vel(j) * units2 * units3
enddo

do 00, k1, ic

¢ adep(k) = mag adep(k) * sin((dirn _adep(k))*3.14159/180)
n adep(k) = mag adep(k) * cos((dirn adep(k))*3.14159/180)
¢ water(k) = ¢ boat 1 ¢ adep(k)

n water(k) - n boat I n adep(k)

z water(k) — z adep(k)

mag water(k) —(¢ water(k)**2 1 n water(k)**2)**0.5

db avg(k) - (db I(k)1db 2(k)db 3(k)tdb 4(k))/4
L2 60 continue

adep range - (depth avg - adep depth)*(cos((adep angle)*
13.14159/180)) + adep depth

’ blank dist  depth(!) - bin size/2 - adep depth

blank depth - adep depth + blank  dist

bin range adep range - blank depth

bin ratio bin range/bin size

. good bins - aint(bin ratio)

do 70,k 1, good bins
if (mag water(k) .gt. 95) then
goto /0
endii’
write (1, 200) ic2, ens num, dist, cotr ¢, corr n, corr w,

b n water(k), 2 water(k), error velk(k), db avg(k), adep range
70 continue

dirn water(k) - (acos{n water(k)/mag water(k)))* 180/3.14159

I depth avg, depth(k), mag water(k), dirn water(k), ¢ water(k),




200 format (2i5, 8.2, 2f13.2, 11{10.2)
goto 10

80 continue
if (error .ne. 0) then
write(*, *) ‘error in adcp header, ensemble no.', ic2
stop
endif

85 continue
if (error2 .ne. 0) then
write(*, *) 'error in navfile, ensemble no.', ic2
stop
endif

90 continue
if (error3 .gt. 0) then
write(*, *) 'error in adep bin data, ensemble no.', ic2
stop
endif o

95 continue

end

C

¢ a subroutine for calculating the survey line definintion, corrected ®
¢ ensemble positions and widths, and vessel velocities

real ¢ end(100), n_end(100), ¢ vel, n vel, ¢ start, n start,

+line_grad, line int, corr ¢, corr n, corr w, sum e,

fsum esq, sum n, sum en, corr_estart, corr_nstart, last ¢, last n, ¢
+corr eave, corr navg, units, dist

integer ic, ens num(100), num_ens, time(100), time _start

character*70 nav_lile L

sum ¢ =0
sum_esq = 0
sum n=0
sum_en =0 e
last ¢ - 0

last n-= 0
ic ~ 0




m

call read_gpsl(num ens, time start, e start n start, time.
. +ens_num, e end, n_end, nav file)

open (3, status = 'scratch’)

sum_c = e start + sum_e

sum_esq — e_start**2 -+ sum_esq
sum_n - n_start +sum_n

sum_en = e _start*n_start + sum_en

ic = num_ens + ic
do 10j=1, ic
sum_e = sum_c + c¢_cnd(j)
sum_esq = sum_esq + e_end(j)**2
sum n = sum_n -+ n_end(j)
sum_en = sum _en +e_end(j)*n_end(j)
10 continue

ic~ic+1

line_grad = (ic*sum en - sum_z*sum_n)/(ic*sum esq - sum e**2)

line int = (sum_esq*sum_n - sum_e*sum_en)/(ic*sum_esq - sum_e**2)
ic=ic- 1

e vel = (c_end(1) - ¢_start)*units/(time(1) - time_start) °
n_vel = (n_end(1) - n_start)*units/(time(1) - time start)

corr_estart = (line_grad*n_start + ¢ _start - linc_grad*linc_int)
+/(line_grad**2 + 1)

corr_nstart = line_grad*corr estart + line int

corr_e¢ = (line_grad*n_end(1) 4 ¢ end(1) - line grad*line int)
+/(linc_grad**2 + 1)

corr n = line grad*corr ¢ line int

corr_w = (((corr_e - coir_estart)**2 4 (corr_n - corr nstart)**2) *
+**0.5)*units

dist = corr_w/2

corr_eavg = (corr estart + corr_e)/2 ®
corr_navg = (corr_nstart 1 corr n)/2

write(3, *) ens_num(1), dist, corr_cavg, corr navg, corr w, ¢ vel,
+n vel

last_e = corr_e
last n=corr_n

do 20, =2, ic




&

e vel = (e end(j) - ¢ end(j-1))* units/(tune(j) - time(j-1))
n_vel - (n end(J) - nend(J-1))*units/(time()) - time(j-1))

corr ¢ = (line_grad*n end(j) + e end(j) - line grad*line int)
1 Nling grad**2+ 1)
corr n - line grad*corr ¢+ line it

cort_w = (({corr_e ~ last ¢)**2 4 (corr n - last n)**2)**().5)*
1 units

dist - (((cosr ¢ - corrt_estart)**2 1 (corr n - corr nstart)**2)
1 **0.5)*units - corr w/2

corr_cavg = (corr_e¢ - last ¢)/2
corr navg = (corr_n 1 last n)/2

write (3, *) ens_numg(j), dist, corr cavg, corr navg, corr w,
toe vel, n vel

last ¢ - corr ¢
last_ n--corr n

20 continuce

end

subroutine ens header2(units, num ens, line grad, nav file)

¢ a subroutii e for calculating the survey line detinintion, corrected
¢ ensemble positions, widths, depths and vessel velocities

real ¢ end(100), n end(100), ¢ vel, n vel, ¢ start, n start,

tline grad, line int, corr e, corr n, corr w, sum ¢,

dsum esq, sum n, sum en, corr estart, corr nstart, last ¢, fast n,
feorr eavg, corr navg, units, dist, depth avg( 100)

integer ic, ens num{100), num ens, time(100), time  start
character*70 nav file

sum ¢ 0

sum esq 0

sumn 0
sum on =0

last ¢~ 0
fast n 0
ic -0




Qu

e

Ee

call read gps2(num cns, time start, ¢ start, n start, time,
fens num, ¢ end, n end, depth avg, nav file)

open (3, status  'scratch’)

sum ¢ ¢ ostart osum ¢

sum_esq ceostart**2 4 sum esq
sum n- on ostart + sum n

sum en - ¢ start*n start + sum en

iC - num_ensH ic

do 101 ic

sum ¢ sum_c e end(j)

sum esq - sum esq e end(j**2

sum n o sum n+4 noend()

sum en  sum en | ¢ end()*n end())
10 continue

e dcd |

line grad - (ic*sum cn - sum e*sum n)/(ic*sum esq - sum e**2)
line it (sum esg*sum n-sum c*sum en)/(icksum esq - sum ¢**2)

ic e~ 1

do15.) Ve
depth avg(l) ~depth avg() * units
15 continue

¢ vel (¢ end(1) - e start)*umits/(timne( 1) - time start)
novel  (noend(1) - n start)*units/(time( ) - time start)

corr estart  (line grad*n start 1 ¢ start - line grad*line int)
H/(line grad”*2 1 1)

corr nstart line grad*corr estart 1 line int

corr ¢ (line grad*n end(1) t ¢ end(i) - line grad*line nt)
H(line grad**2 1 1)

cort n - line grad*corr ¢ 4 line int

corr W (((corr ¢ - corr estart)**2 | (corr n - cotr nstart)**2)
1%%0.5)*units

dist  corr w/2

corr cavg  (corr estart + corr ¢)/2
corr navg  (corr nstart + corr n)/2

write(3, *) ens num{ 1), dist, corr cavg, cort navg, corr w, ¢ vel,




®
tn vel, depth avg(1)
I last e - corr ¢
last n--cotr n ®
do 20,2, i¢
¢ vel = (e end(j) - e end(j-1))*units/(time(j) - time(j-1))
n vel < (n end(J) - n_end(J-1))*units/(time()) - time(j-1))
. . . . . . e
cort_¢ - (line grad*n end(j) + ¢_end(j) - line grad*line int)
1 /(line_grad**2 1 1)
corr_n = line_grad*corr ¢ + line int
cort. w = (({corr ¢ -last ¢)**2 + (corr n - last n)**2)**0.5)* ®
+ units
=
dist - (((corr ¢ - corr_estart)**2 + (corr_n - corr nstart)**2)
- ¥*0.5)*units - corr w/2
- ®
cort eavg = (corr ¢4 last ¢)/2
corr navg = (corr n+ last n)/2
: write (3, *) ens_rum(j), dist, corr_edavg, cotr_navg, corr w,
S + ¢ vel, n vel, depth avg()) o
last ¢ ~corr e
last n— con n
20 continue
: end L
|
i
! ¢ N
4 subroutine read gpsl(icd, time start, ¢ start, n start, L
+ens time, ens num, ¢_end, n_end, nav file) |
|
¢ a subvoutine for extracting ensemble data from gps file which 1
¢ does not include depth data
L

+gps a(1000)

integer time start, hour _start, min_ start, sec start,
: +ens time(100), gps_hour(1000), gps min(1000), gps sec(1000), ic, ®
tic4, error, ens num(100)

real ¢ start, n stait, ¢ end(100), n_end(100), gps e(1000), 1
|
|

character* 1 chk, nav file*70




. ic=0
J I icd = 0

open (5, file = nav_file, status ='old")

0l continue
read (5, '(al1)") chk
select case{chk)
case('E")
goto 02
case('e)
goto 02
case default
goto 01
end select .

02 continue
read (5, 200, err=20, end--20, iostat=error) hour start, min stait,
+scc_start, e start, n_start

time_start = hour _start*3600 + min_start*60 + scc_ start

doj 1,2
backspace S
enddo ®

. 05 continue
" ic4 = icd + |
read (5, 100, err=40, end- '40) ens num(ic4)
10 continuc ®
ic=icH 1
read (5, 200, err--30, end =30, iostat-erro1) gps hour(ic),
+gps min(ic), gps_sec(ic), gps e(ic), gps n(ic)

goto 10 ®

" 100 format(10x, i4)
200 format(i2, 1x,i2, 1x,i2, 112.2, 10.2)

20 conlinue e
if (ervor .ne. 0) then
write(¥, *) 'error in gps data’
stop
endif

30 continue
if (error .ne. 0) then
icic 2
ens_time(icd) - gps hour(ic)*3600 + gps min(ic)*60 1 pps sec(ic)




&

Cm

if{ens time(icd) .eq. 0) then
¢ end(icd) = ¢ end(icd-1) + (¢ end(icd-1) - ¢ end(ic4-2))
n end(ic4) = n end(icd-1) 1 (n_end(icd-1) - n end(ic4-2))
ens time(icd) — 2%*ens_time(ic4-1) - ens time(ic4-2)
write(¥, *) 'error at ens num', ens num(ic4)
read(*, *)
icd ied 1|
goto 40

endif

¢ end(icd) = gps c(ic)

n_end(icd) - gps n(ic)

backspace 5

goto 05

endif’

40 continuce
wcd et -1
end

Conm -

subroutine read gps2(ic4, time start, ¢ start, n star,
1ens time, ens num, e end, n_end, depth_avg, nav file)

¢ a subroutine for extracting ensemble data {rom gps file which includes
¢ depth data

real ¢ start, n start, ¢ end(100), n end(100), gps ¢(1000),
taps n(1000), depth total, depth avg(100), depth(1000)

integer time start, hour start, min start, sec start,
tens time(100), gps hour(1000), gps min(1000), gps sec(1000), ic,

tie2, ic3, ied, crror, ens num( 100)

character* 1 chk, nav file*70

ic 0

ic2 -0
iy 0
ict 0

open (5, file - nav file, status - ‘old")

01 centinue
read (5, '(al)) chk
select case(chk)
casc('t)




goto 02
case('e)
goto 02
case default
goto 01
end select

02 continue
ic2 =i¢2 + 1
read (5, 200. err=20, end=20, iostat=error) hour start, min_start,
tsec start, nstart, ¢ start

time_start = hour_start*3600 4 min_start*60 + sec_start

doj=1.2
backspace 5
enddo

05 continue
ic4 ~icqd + |
read (5, 100, err-40, end=40) ens num{ic4)
10 continu¢
ic—ict 1
read (5, 200, err=30, end=30, iostat=error) gps hour(ic),
1gps_min(ic), gps_sec(ic), gps_n(ic), gps e(ic), depth(ic)

goto 10

100 format(10x. i4)
200 format(i2, 1x, 12, Ix, 12, £12.2, £10.2, {10.2)

20 continue
if (error .ne. 0) then
write(*, *) 'error in gps data’
stop
endif

30 continue
if (crror .ne. 0) then
Ic=ic-2
depth total - 0

do j=1c2, ic

depth total = depth(j) + depth_total
ic3 =ic3 1

enddo

depth avgiic4) == depth total/ic3
ens time(icd) - gps hour(ic)*3600 + gps min(ic)*60 + gps sec(ic)




-

e end(icd) - gps e(ic)
n end(icd4) = gps n{ic)
ic2=ic+ 1|

ic3 =0

backspace 5

goto 05
endif

40 continue
ic4d =1icd - 1

end

subrousine clearscreen
do k=1, 25
write(*, ¥)

enddo

end

}oee<< THE.END. >>-—-{
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¢ a subroutine for filling in bad ensembic data

real bdepth1(10). bdepth2(10), bdepth3(10), heada 1(20),
+heada 2(20), heada_3(20), headb 1(30), headh 2(30), headb 3(30),
+topbtm1(10), topbtm2(10), topbtm3(10)

real depth1(100), depth2(100), depth3(100), vel mag1(100),

+vel mag2(100), vel mag3(100), vel dirn1(100), vel dirn2(100),
1vel dirn3(100), east vell(100), east_vel2(100), east_vel3(100),
+north_vell(100), north vel2(100), north vel3(100), vert vel 1(100),
+vert_vel2(100), vert_vel3(100), error vel1(100), error vel2(100),
+error_vel3(100), db_11(100), db 12(100), db 13(100), db 21(100),
4+db_22(100), last_binq, q_difl,

+db_23(100), db_31(100), db_32(100), db_33(100), db 41(100),
+db_42(100), db_43(100), discharge1(100), discharge2(100),
+discharge3(100), last t, dt, bin size, units, ¢_total,

4n_total, bin_total, | total, de, dn, dl, dbin q, dtop q, dbtm g

integer time1(10), time2( 10), time3(10), ens numl, ens num?2,
+ens num3, ic, ic2, ic3, icd, num bins, per good1(100),
+per good2(100), per good3(100)

character*70 labell, label2, label3, labeld*59, file name, 1 cm* |

ic=0
ic2=0

last bing = 1
last top- 0
last btm -0

de -0
don 0
dl -0
dbin q 0
dtop q- 0

dbtm q 0

call clearscreen
write(*, *)' Welcome to ADCPFILL, for DOS'
do k-1, 10
write(*, *)
enddo
write(*, *) 'press ENTER (o continue!
read(*,*)

05 continue
call clearscreen
write(*, *) 'please enter adep ascii file name and path'
read(*, '(a50), end- 05, err 05) file name




:p S

call clearsereen

write(*, *) 'please wait while ADCPFILI. checks...!
write(*, *)' ', file name

do k=1, 10

write(*, *)

enddo

open(1, file = file name, status = 'old")

open(2, file = 'clean.out’, status = 'unknown")
open(3, status = 'scratch’)

read(1, '(a70)", end=90, err=90) labell
write(2, *) labell

read(1, '(a70), end=90, err=90) label2
write(2, *) label2

read(1, *) bin_size

backspace 1

read(1, '(a70)', end=90, err=90) label3
write(2, *) label3

10 continue
read(1, *, end =90, err=90) (timel(i), i=1, 7),
+ens_numl, (heada_1(i), i=1, 13), (bdepthl(i), i=1, 4),
+(headb 1(i), i=1, 19), num bins

backspace 1
read(1, 100, end=90, err=90) ft ¢m
100 format(3x, al)
select case(ft _cin)
case('f")
units = 3.281
case('ch
units = 1.0
end-elect
backspace 1
read(1, '(a50), end=90, err=90) label4

if (bdepthi(1) .it. 1.0) then

bdepth1(1) = (bdepth1(2) + bdepth1(3) + bdepth1(4))/3
endif’
it (bdepth1(2) 1t. 1.0) then

bdepth1(2) = (bdepth1(1) + bdepth1(3) + bdepth1(4))/3
endif
if (bdepth1(3) It. 1.0) then

bdepth1(3) — (bdepthi(1) + bdepth1(2) + bdepth1(4))/3
endif
if (bdepth1(4) 1t. 1.0) then




w0

bdepth1(4) = (bdepthl 1) + bdepth1(2) + bdepth1(3))/3
endif

last t =headb 1(2)

20 continue
ic=ic+ 1
read(1, *, cnd=90, err=90) depthi(ic), vel magl(ic),
+vel dirnl(ic), east_vell(ic), north_vell(ic), vert_vell(ic),
+error_vell(ic), db_11(ic), db 21(ic), db_31(ic), db 41(ic),
+per_good1(ic), dischargel(ic)
if{ic .ge. num_bins) goto 30
goto 20

30 continue
q_diff = headb 1(11) - last_bing
if{q_dift .eq. 0) then
ic=0
goto 10
endif’

ic=1ic - 1

35 continue

write(2, 200) (timel(i), i=1, 7), ens numl, (heada 1(i), i=1, 13),
+(bdepthl(i), i=1, 4), (headb_1(i}, i=1, 19), label4
do k=1, num_bins

write(2, 300)depthi(k), vel _magl(k), vel dirnl(k), east vell(k),
+ north_vell(k), vert_vell(k), error_veli(k), db_11(k), db 21(k),
+ db _31¢k), db 41(k), per_goodi(k), dischargel(k)
enddo

200 format(7i4, i6, 5(8.2, /, 8110 2, 417.2,/, 5f10.2, /, 5f10.2, /,
13142, 6/8.2, /, a50)

300 format(f9.1, f11.2, £11.3, 89.1, i7, £13.2)
rewind (3)

40 continue
last bing = headb 1(11)
topbtm (1) — headb 1(12) - last top
topbtm1(2) = headb_1(13) - last btm
last top = headb 1(12)
last_btm = headb _1(13)
read(1, ¥, end=90, err=90) (time2(i), i=1, 7),
+ens num?2, (heada 2(i), i=1, 13), (bdeptn2(i), i=1, 4),
+(headb_2(1), i=1, 19), num_bins

if (bdepth2(1) .1t. 1.0) then
bdepth2(1) = (bdepth2(2) + bdepth2(3)  bdepth2(4))/3




endif
it (bdepth2(2) 1t. 1.0) then

bdepth2(2)  (bdepth2(1) 1 bdepth2(3) t bdepth2(4))/3
endif’
if (bdepth2(3) 1t. 1.0) then

bdepth2(3) - (bdepth2(1) { bdepth2(2) + bdepth2(4))/3
cudif’
if (hdepth2(4) 1t 1.0} then

bdepth2(4) — (bdepth2(1) t bdepth2(2) 1 bdepth2(3))/3
endif

q difl" - headb 2(11) - last bing ! dbin g
if{tq diff’ ne. 0) then

goto 60
endif

dt - headb 2(2) - last t
last t headb 2(2)

write(3, *) (time2(i), i 1, 7), headb 2(2), dt

do 50, k-1, num bins
read(1, 400, end 90, err 90)
50 continue
400 format(70x)

goto 40
60 continue

if{ic2 pt. 0) goto 70
timel  time2

ens numl - ens num?2
heada 1 heada 2
bdepthl  bdepth2
headb | headb 2
last 1 - headb {(2)

headb 1(1)  headb 1(1) t dl

headb 1(3) - headb 1(3) 4 dn

headb 1(4) headb 1(4) t de

headb 1(5) -~ (headb 1(3)**2 1 headb 1(4)**2)**0.5
headb 1(11) - headb 1(11) 1 dbin ¢

headb 1(12) - headb 1(12) 1 dtop

headb 1(13) headb I(13) I dbun «

ic O

L




l goto 20

70 continue
call clearscreen
ic=0
bin total = headb 1({11)
n total -headb 1(3)
¢ total = headb 1(4)
| total = headb 1(1)
topbtm2(1) = headb 2(12) - headb 1(12)
topbtm2(2) = headb 2(13) - headb 1(13)
rewind (3)

80 continue
ic=ic |
read(l, *, end=90, err=90) depth2(ic), vel mag2(ic),
ivel dirn2(ic), cast_vel2(ic), north vel2(ic), vert_vel2(ic),
terror vel2(ic), db_12(ic), db_22(ic), db_32(ic), db 42(ic),
tper_pood2(ic), discharge2(ic)
if{ic .It. num_bins) then
goto 80
endif

ﬂ‘—» ic3 =12

. icd -] i
3 do 85 k=1, ic2

topbtm3 - (topbtinl*ic3 4 topbtm2*ic4)/{ic3 t+ic4)

ens numd - (ens_numl*ic3 + ens num2*icd)/(ic3+icd)

heada 3 (hecada 1*ic3 + heada 2*icd)/(ic31ic4)

bdepth® — (bdepth1*ic3 + bdepth2*ic4)/(ic3 ticd) ®

headb « - (headb 1*ic3 + headb 2*icd)/(ic31ic4)

depth3  depthl

vel mag3 = (vel magl*ic3 1 vel mag2*icd)/(ic34ic4)

vel dirn3 - (vel dirnl*ic3 + vel dirn2*ic4)/(ic3+ic4)

cast veld  (cast vell*ic3 + east vel2*ic4)/(ic31icd) ®

north veld ~ (north vell*ic3 4 north vel2*icd)/(ic3 +icd)

: vert veld = (vert vell*ic3 + vert_vel2*ic4)/(ic31ic4)

error veld - (error vell*ie3 1 error vel2*icd)/(ic3+icd)

‘ db_ 13- (db_L1*ic3 4 db 12*ic4)/(ic3 ticd)

i db 23 - (db 21*ic3 + db 22*ic4)/(ic3+icd) ®
db 33 - (db 31*ic3 1 db 32*icd)/(ic3 Hicd)

db 43 — (db 41*ic3 1-db_42*ic4)/(ic3+icd)

per good3 = (per good1*ic3 + per good2*icd)/(ic3+icd)

read(3, *) (time3(k), ik=1, 7), headb 3(2), dt )
bin q- 0

doi 1, num bins

discharge3(i) - ((heada 3(6)*north vel3(i))-(heada 3(7)*

teast vel3(i)))*(bin size/100)*units*dt




if(abs(discharg*3(i)) .It. 10000) then
I bin_q - discharge3(i) + bin g
endif
enddo
headb 3(11)=bin g+ bin total
headb _3(3) = heada_3(7) * dt + n_total
headb_3(4) = heada 3(6) * dt + e toial
headb_3(5) = (headb_3(3)**2 + hcadb 3(4)**2)**0.5
headb 3(1) = ((heada 3(7)*dt)**2 + (heada_3(6)*dt)**2)
+¥*Q.5 + 1 _total
headb_3(12) = topbtn3(1) + iast_top
headb 3(13) = topbtm3(2) + last_btm
write(2, 200) (time3(1), i=1, 7), ens_num3, (heada_3(i), i=1, 13),
+(bdepth3(i), i=1, 4), (headb_3(), i=1, 19), labcl4
do j=1, num_bins
write(2, 300) depth3(j), vel mag3(j), vel dirr3(j), east_vel3(j),
+ north_vel3(j), vert_vel3(j), error vel3(j), db 13(j), db_23(j),
+ db_33(j), db_43(j), per_good3(j), discharge3(j)
enddo
ic3 =ic3 -1
icd =1c4 + 1
print *, 'ensemble no. ‘,ens num3 ' has been fixed'
| total = headb 3(1)
n_total = headb 3(3)
¢_total = headb 3(4) *
bin_total = headb 3(11)
last_top = headb 3(12)
last_btm = headb 3(13)
85 continue

dl =1 total - headb _1(1)

dn=n_total - headb _1(3)

de = e total - headb_1{4)

dbin q =bin total - headb 1(11)

dtop q =headb_3(12) - headb 1(12) L
dbtm_q = headb 3(13) - headb 1(13)

headb_2(1) = headb_ 2(1) 4 dI

headb 2(3) = headb 2(3) + dn

headb 2(4) = hcadb_2(4) + de ®
headb _2(5) = (headb_2(3)**2 + headb 2(4)**2)**0.5

headb_2(11) == headb 2(11)+ dbin g

headb_2(12) — headb_2(12) + dtop q

headb 2(13) = headb 2(13) +dbtm q

timel = time2

¢ns_numl = ens _num?2
heada 1 ~ heada 2
bdepthl = bdepth2




[
headb 1 headl 2
I depthl  depth2
vel magl  vel mag? @
vel dirnl - vel dirn?2
cast_vell - cast vel2 |
north_vetl -north vel2
vert_vell — vert vel2
error vell  crror vel2 ®
db 11 db 12
db 21 db 22
db 31 db 32
db 41 db 42
per_goodl - per good2 &
dischargel  discharge2
last 1~ headb 1(2)
2 0
(f : poto 35 .
90 continue
end °
c -
e .
subroutine clearsereen
dok 1,25
write(*, ) e
enddo
end
»
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APPENDIX D

GPSQ Version 1.0: User Manual

INTRODUCTION

This manual describes version | of a program designed to utilise data from an external
Differential Global Positioning System to re-caleulate river discharges measured using an RDI
instruments ADCP,

The source code for the computer program is written in FORTRAN and is listed in
Appendix B, An exceutable version of the code is contained on a MS-DOS formatted disk,
labelled "GPSQ Ver 1.0". The program will run on most IBM compatible P.C.s. This program
may be freely copied, but the source code may not be distributed to other parties. The author

aceepts no responsibili'y or liability resulting trom the use of the program.

INSTALLATION
To install GPSQ ver 1.0 onto your hard drive, insert the diskctie provided into the a; drive
of" your machine and type a\install. A directory named GPSQ will then be created on your hard

drive, the program files will then be copied into this directory.

RUNNING THE PROGRAM
Run the program by typing GPSQ at the command prompt in the GPSQ directory. A title
screen should then be displayed, press ENTER to continue. The program then runs through the
following, stages:
n "The user is prompted for the name of the ADCP and Navigatior: (GPS) data files,
if the files are not in the current directory then a path must be specified. Sampie

data files; ADCP.DAT and GPS.DAT, are contained on the installation disk.




<

{2)

3)

“4)

(5)

(©)

(7)

(3)

(9)

(10)

(I

(12)

The user 1s asked to input a name for the final discharge data output file. If no
path is specified, the file is put placed in the current directory

A menu is displayed on the screen, giving options for data output units, choose
from either English units (ft, ft/s, ¢fs) or ST units (m, m/s, cumecs).

A second menu is displayed, asking the user to input a choice for the method to
be used for top layer velocity estiimation, either "power" or "constant".

A 'depth calculation options' menu is displayed, either ADCP beam depths or
FATHOMETER data can be chosen. At present the fathometer depth data option
is not available, and if choosen an em~r message to this affect will appear.

The program prompts the user for the ADCP beam angle (in degrees). If this
information is u.known, it can be detcrmined by pressing FO in the RDI
PLAYBACK program.

The program asks for the local magnetic declination in degrees, if not already
corrected for in the ADCP configuration file,

A bottom track declination is then displayed on the screen. The bottom track
declination is equal to the average directional difference between the bottom track
data and GPS data. Hit ENTER to continue

A power-law co-efficient is then required by the program, a value of 0.1667 is
recommended for most applications, for more information see Chen, (1991).
There is then a short delay whilst the program processes the velocity data. A menu
is then displayed asking the user whether or not the require the near shore
discharge calculation option.

The final results of the discharge calculation are then displayed on the screen in

terms of total discharge, total arca, average velocity.

During the program two files are created, a velocity data file and discharge data




I file. The format of these files are described in the main body of this report.

cadibomny




APPENDIX E

ADCPFILL: User Manual

INTRODUCTION

This manual describes a program designed to fill in missing data from processed ADCP
data files, in the RDI TRANSECT program format.

The source code for the computer program is writlen in FORTRAN and is listed in
Appendix C. An exccutable version of the code is contained on a MS-DOS formatted disk,
labelled "ADCPFILL". ‘The program will run on most IBM compatible P.C.s. This program may
be fieely copied, but the source code may not be distributed to other parties. The author accepis

no responsibility or liability resulting from the use of the progrant.

INSTALLATION
To install ADCPFILL onto your hard drive, insert the diskette provided into the a: drive
of" your machine and type a:\install. A directory named ADCPFEFILL will then be created on your

hard drive, the program files will then be copied into this directory,

RUNNING THE PROGRAM
Run the program by typing ADCPFILL at the command prompt in the ADCPFILL.
directory. A title sereen should then be displayed, press ENTER to continue. The program then
runs through the foliowing stages:
(1) The user is prompted for the name of the processed ADCP data files, if the files
are not in the current directory then a path must be specified.

(2) The program then processes the ADCP file, checking for bad enscmbles. The

numboers of any bad ensembles are displayed on the screen at this time.




w

(3)

A new ADCP data file, CLEAN.OUT, with all bad or missing data segments filled

in is produced in the current working directory.

-




